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METHODS AND APPAPATTTS FOR Afifi»V 0F SULPHATED POLVSAgPH&PTnrg 

The present invention is concerned with detection 
techniques, apparatus and probes for the measurement of 
sulphated polysaccharides and especially heparin. Heparin 
is a sulphated polysaccharide that is a potentiator of the 
anticoagulent activity of anti thrombin III, a naturally 
occurring anticoagulent present in the blood. Heparin is 
widely used in surgery to prevent blood coagulation during 
major operative procedures; the monitoring of its levels 
during the operation and appropriate adjustment of dose 
prevents premature coagulation during surgery. 

Monitoring of heparin levels currently involves 
measurement of coagulation times in a standard serum 
preparation. 

Several disadvantages include: 
1. Subjectivity in assessing the onset of 
coagulation, 2. Variability in the nature of the serum 
standard, and 3. Measurement of the activity, rather than 
the quantity of heparin present. 

Although measurement of coagulation times is the 
commonest method of assaying heparin others have been 
proposed in the literature. None of the systems in current 
use however are rapid, or appropriate for in vivo use. 
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which comprises contacting the sample with (i) a 
complementary binding polymer (CBP) which is labelled with 
(ii) at least one optically active reporter group and which 
polymer is capable of forming (iii) a complex with said 
polysaccharide, said reporter group being sensitive to 
formation and/or presence of said complex, followed by 
measuring change in an optical property of the optically- 
labelled polymer as a result of such contact, and comparing 
the change with values derived from a control assay for the 
same polysaccharide, polymer and reporter group and thereby 
to determine the concentration of the polysaccharide of 
interest in the sample. 

In another aspect the invention provides means for 
carrying into effect the method of the first aspect 
including: 

(i) a complementary binding polymer (CBP) for 
the polysaccharide under evaluation, 

(ii) the polymer (i) being labelled with at least 
one optically active reporter group as specified 
hereinabove, and capable of forming 

(iii) a complex as specified above, the means 
further comprising 

(iv) instrumentation capable of measuring changes 
in the optical properties of the labelled polymer, and 

(v) the results of a known assay for the same 
polysaccharide, polymer and reporter group. 
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other examples are possible. 

The fluorescence reporter group may be, for example 
either fluorescein or tetramethylrhodamine although other 
types of fluorescent group might behave similarly. 
Preferably the fluorescent group is attached to the CBP 
through the latter 1 s amino groups (in the case of 
polypeptide) although other chemical linkages may be 
employed. The ratio of fluorescent group to monomer unit 
can be varied to optimise the response range of the assay. 

In the embodiments described herein, quenching of 
fluorescence intensity is measured to monitor the reaction. 

In a more preferred embodiment the reaction between 
the CBP and heparin occurs on a solid surface which also 
acts to guide in the excitation light from a source and to 
carry the emitted light to a detector. However other 
configurations are possible including those where the 
reaction is carried out on a solid surface attached to the 
optical system and the fluorescence is subsequently measured 
or those where the solid surface is placed in a fluorescence 
spectrometer or those where the complex formation between 
heparin and the labelled CBP is carried out in solution and 
the fluorescence properties of the solution are subsequently 
measured. 

It is preferred that the CBP, as defined herein, 
have polycationic domains which are capable of complex 
formation with the anionic domains of the sulphated 
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aspect of the present invention, the notional skilled worker 
need only conduct simple laboratory experiments. In short, 
if a detectable change occurs in the optical property of the 
optically active reporter group in response to variation in 
e.g. heparin concentration, then that reporter group and 
polymer are potentially usable. 

Means for assaying heparin in accordance with the 
invention may be supplied in kit form, in which case the kit 
may additionally comprise a solid surface to which the CBP 
would bind e.g. polystyrene microtitre plates, polystyrene 
or polyamide film for external analysis or probe means 
comprising an immobilised support for binding purposes 
wherein there is preferably covalent linkage between the 
immobilised support and the labelled CBP. 

A light source will be needed for photometric 
quantitative determinations preferably incorporating means 
for selecting a small band of wavelength of maximum 
absorption of the label in use, coupled with means for 
applying light to the labelled polymer such as a lens, an 
air gap or an optical fibre. Additionally it may be 
necessary to incorporate means, such as filter means, to 
select the wavelength of light emitted from the sample under 
investigation, means such as an optical fibre to direct 
emitted light to a photodetector and means such as CL 

photodiode or photomultiplier tube to detect the intensity 
of the emitted light from the labelled polymer. Apparatus 
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fluorimeter including movable probe as an embodiment of a 
heparin concentration detector, 

Figure 2b is a schematic view of components 
suitable for conducting the assays on a fixed, immobilised 
support plate, 

Figures 3a and 3b show fluorescence emission 
spectra of some the reporter groups of Figure 2 attached to 
some of the CBPs of Figure 1, whereby 
Figure 3a shows the fluorescence emission spectra of 
fluorescein isothiocyanate (FITC) bound to poly-L-ornithine, 
using an excitation wavelength of 495nm and scanning the 
emission from 500-550nm. 

Figure 3b shows the fluorescence emission spectra of 
tetramethylrhodamine isothiocyanate bound to poly-L- 
ornithine as a polymer conjugate using an excitation 
wavelength of 550mm and scanning the emission from 560- 
600mm, 

Figure 4 shows the quenching effect of heparin upon the 
fluorescence intensity, (at 520nm of the fluorophore (FITC) 
attached to different molecular weight polymer of poly-L- 
lysine. (PLA = 10,700, PLB = 64,800 and PLC = 205,000). 
Concentration of poly-l-i ys ine in test sample was approx. 
95jig/nl, 

Figure 5 shows the quenching effect of heparin upon the 
fluorescence emission intensity, (at 525nm) of FITC attached 
to different m.w polymers of poly (ethyleneimine) - EthA = 
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light source 5 passes through excitation filter 4 to the 
fibre end 3, and emitted light passes through emission 
filter 6 to a photodetector 7 . The end 3 can be a probe for 
in vivo use. 

An alternative arrangement in Figure 2b shows a' 
wave guide 3b with binding protein immobilised on a solid 
surface thereof. Light from light source 5 causes 
excitation indicated by arrow 8, the binding protein 
fluoresces indicated by arrow 9, which is measured by 
photodetector 7 after passing through emission filter 6. 

All measurements being carried out in human serum, 
Figure 4 shows the effect of heparin on the fluorescence 
emission intensity of a fluorescein group bound to poly(L- 
lysince) of differing molecular weights and illustrates how, 
by choice 
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The data from any of Figures 3 a to 8 provide a 
quantitative relationship between fluorescence alteration 
and heparin level. As such the data can be stored as a 
known, control assay in e.g. a computerised database on 
suitable hardware and (software) including a monitor or 
other display for reading off the heparin level, using 
parameters derived from the given fluorescent label in use. 
Less preferably evaluation and determination of the heparin 
assay could be effected manually, by using the appropriate 
graph as a calibrating guide. 

With reference to the above figures it can be seen 
that the dose-response curve for heparin can be tuned over a 
wide range by appropriate adjustment of the following 
properties: 

1. Type of monomer unit in the polycation. 

2. Molecular weight of the polycation. 

3. Nature of the fluorescent reporter group. 

4. Degree of labelling of the polycation. 
Further factors influencing the choice of labelled 

CBP include those designed to minimise interference from 
intrinsic blood constituents, to improve the stability of 
the material, to aid the attachment to a solid surface. 

The present invention has advantages over the 
currently used systems in that the detection apparatus and 
method can be used for in vivo testing of heparin level in a 
suitably miniaturised form e.g. by using a probe comprising 
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CLAIMS 



l. A method of assaying a sample for sulphated 

polysaccharide which comprises contacting the sample with 
(i) a complementary binding polymer capable of binding 

to said polysaccharide, said binding polymer being labelled 
with (ii) at least one optically active reporter group, 

said polymer (i) capable of forming (iii) a complex 
with said polysaccharide, the reporter group being sensitive 
to the formation and/or presence of said complex, 
and subsequently measuring change in an optical property of 
the optically labelled polymer as a result of such contact, 
comparing the change in said optical property with values 
thereof derived from a control assay for the same 
polysaccharide, binding polymer and reporter group, and 

using the comparison of values between the sample 
and control assays to determine concentration of 
polysaccharide in said sample. 

2. A method as claimed in claim 1 wherein the 
sulphated polysaccharide is polyanionic and capable of 
binding to at least one protein to form a complex. 

3. A method as claimed in claim 2 wherein the 
polysaccharide comprises heparin. 

4 • A method as claimed in any preceding claim in which 

the polymer comprises at least one cationic NH 3 group. 

5. A method as claimed in claim 4 in which the polymer 
comprises polymer having repeating L-ornithine, L-lysine or 
ethyleneimine groups. 

6. A method as claimed in any preceding claim wherein 
the reporter group is a fluorophore, the optical property is 
fluorescence, and the optical change is quenching thereof. 
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tetramethy lrhodamine . 

14. Assay means as claimed in claim 12 or 13 wherein 

the apparatus for measuring change incorporates a light 
source, an optical fibre or waveguide as a : solid support 
upon which the complementary binding polymer is immobilised, 
and a photodetector adapted to detect variation in the 
fluorescence intensity of the polymer in use in the assay, 
for example such apparatus comprising a fluorimeter coupled 
with data processing means which store and interpret 
previously assayed controls. 



15. Assay means as claimed in any one of claims 8 to 14 
wherein the binding polymer is a bio- compatible, 
hydrophilic polypeptide. 

16. Assay means as claimed in any one of claims 8 to 15 
in kit form including at least one member having a solid 
surface to which the binding polymer can be attached. 

17. Assay means as claimed in claim 16 wherein the 
member comprises a microtitre plate, a film or probe means 
coupled to spectrophotometer and concentration display 
means. 



18. Use of assay means as claimed in any one of claims 

8 to 17 for performing an assay according to a method as 
claimed in any one of claims 1 to 7. 
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